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Abstract. An alteration of the cognitive functions plays a crucial role in the quality of life in the 
elderly. New investigations notice that the thickness of carotid intima-media (CIMT) might help 
to identify patients with an increased risk of cognitive deterioration. Our aim of the study was to 
evaluate CIMT of the patients with mild cognitive impairment (MCI) with static (manually) and 
dynamic (RF-QIMT) ultrasonographic equipments. Our results show that the CIMT was thicker 
measuring by semi-automated method, than manually and the differences were statistically 
significant. Our results show no correlation between the CIMT and scores of psychiatric tests, 
therefore more research is needed for improvement of carotid wall thickening changes in MCI 
patients. 
Keywords: intima media thickness, mild cognitive impairment, ultrasonography, radio frequency 
echo tracking, ImageJ. 
1. Introduction 
The measurement of the carotid intima-media thickness (CIMT) is recognized as potential 
vascular marker of atherosclerosis and is an independent predictor of future vascular events 
[1, 2, 21]. Additionally, new studies indicate, that an increased CIMT predicts a cognitive decline 
in an elderly population [14, 15, 22, 23]. If the patient has memory complaints, objective memory 
impairment for age, preserved general cognition, normal activities of daily living and is not 
demented, mild cognitive impairment (MCI) can be diagnosed [3, 4]. Unfortunately, about  
10-15 % of MCI converse annually to a dementia [3-5].  
There are three types of CIMT measurement: (1) conventional B-mode scanning, 
(2) semi-automated and fully automated [28, 34]. However, the evaluation of CIMT in many of 
them in frozen or static ultrasound image is performed. To this date only Radio Frequency-Quality 
Intima Media Thickness (RF-QIMT) is worldwide accepted as safe and trusted dynamic 
evaluation of CIMT [32, 33]. Despite increasing literature data of MCI and CIMT correlation, 
there is a lack of studies using the RF-QIMT method [20, 32, 33]. Additionally, a limited number 
of studies have examined the association between static and dynamic CIMT measurements [32]. 
Therefore our aim of the study was to evaluate CIMT of MCI patients with static (manually) and 
dynamic (RF-QIMT) ultrasonographic equipments.  
2. Materials and methods 
The study was performed at the Lithuanian University of Health Sciences Clinical Hospital in 
the period of 2011-2012 years. In the study were included those patients who fit MCI diagnostic 
criteria [3, 4]. Patients with chronic cardiac insufficiency, signs of dementia or brain ischemic 
injury were not included. All patients underwent computed tomography or magnetic resonance 
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imaging of the brain to exclude tumor, ischemic or postoperative changes. 
The Mini Mental State Examination (MMSE) and Alzheimer’s Disease Assessment 
Scale-Cognitive subscale (ADAS-Cog) tests were employed as a measure of global cognitive 
function. All the patients underwent a structural interview, neurological examination and 
laboratory tests to exclude secondary causes of cognitive impairment. Additionally, body mass 
index (BMI) was assessed. The written consent was obtained from each patient in order to be 
involved into the study. The local Ethics Committee approved this latest one. 
 
a) 
 
b) 
Fig. 1. Carotid intima-media thickness measurement with ImageJ software (a) and ArtLab system (b) 
The scanning of carotid arteries with ultrasound equipment (Voluson 730 KretzTechnic, GE 
Medical Systems, Austria), including a high-resolution B-mode system with linear ultrasound 
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7 MHz transducer, was performed. The depth focus, frame rate and gain settings in standard 
manner were used to each patient. The measurement of CIMT 1 cm below the carotid bulb in a 
region free of plaque, according to Mannheim consensus and other guidelines was performed 
[6, 7]. The thickness of intima-media was measured on the far wall in six places along a minimum 
10 mm of an arterial segment (Fig. 1a). The ultrasound images of the left and right carotid arteries 
were archived and for more accurate results were analyzed with freely available ImageJ software 
(National Institutes of Health, USA, http://imagej.nih.gov/ij). The same segment of the far wall of 
carotid artery was scanned with Picus Pro (Esaote, Netherlands) ultrasound device with an 
automatic boundary detection system (ArtLab, Netherlands) (Fig. 1b). ArtLab system 
automatically calculated the CIMT from six places. For excluding bias, one researcher with five 
years of experience made all measurements. For statistical analysis, only mean values of one 
measurement were used. Atherosclerotic changes of the carotid wall were not included in the 
calculation. 
Statistical calculations were performed with MedCalc software (MedCalc, Mariakerke, 
Belgium, version 11.4.2.0) using Bland-Altman plot, Pearson's correlation coefficient. 
D’Agostino-Pearson test for normal distribution was used. Mann-Whitney test was used when the 
sample data was not normal. Student’s t criterion was used when the data was normally distributed. 
All the values were given as a mean and standard deviation. ܲ < 0.05 was considered statistically 
significant (confidence interval (CI) – 95 %).  
3. Results 
All examinations were performed on 90 patients. However, only 77 patients were included in 
the study, because nine residual patients had additional psychiatric disorders, like severe dementia, 
organic mental disorders and other. Four patients had the class II or III heart failure according to 
the New York Heart Association (NYHA) classification.  
The mean age was 67.9±9.1 years, 18 (23 %) were males and 59 (77 %) females. BMI was 
29.1±5.2 kg/m2. The mean of MMSE score was 25.3±2.5 points (range 18-30), respectively the 
mean of ADAS-Cog score was 17.0±6.0 (range 5-30).  
We measured in total 143 common carotid arteries by ArtLab (mean 793±118 µm, range 
532-1134 µm) and 154 by ImageJ (mean 766±157 µm, range 452-1160 µm).  
The data points of the measurements by ArtLab and ImageJ were relatively close, but not 
ideally on a regression line, which suggested some degree of disagreement between the two 
methods, however the Pearson’s correlation coefficient between CIMT was strong (ݎ = 0.64, 
ܲ < 0.0001; ܥܫ = 0.53, 0.73, ݊ = 143) (Fig. 2a). The difference between the ArtLab and ImageJ 
measurements was -26,9 µm, with a 95 % confidence interval from -58,5 to 4,7 µm and an 
associated P value of ܲ = 0.0945. Median latencies in ArtLab and ImageJ were 787 and 745 µm; 
the distributions in the two measurement groups differed significantly (Mann–Whitney 
ܷ =  9541.5, Test statistic ܼ =  1.99, ܲ =  0.0469 two-tailed). The data comparison graphs of 
ArtLab and ImageJ measurements are represented in Figure 2b. 
We established strong correlations comparing ArtLab and ImageJ of right side CIMT 
(ݎ = 0.68, ܲ < 0.0001; ݊ = 72); right ArtLab and left ArtLab (ݎ = 0.66, ܲ < 0.0001; ݊ = 70); 
right ArtLab and left ImageJ (ݎ =  0.50, ܲ <  0.0001; ݊ =  72), right ImageJ and left ArtLab 
(ݎ = 0.41, ܲ < 0.0004; ݊ = 71), right ImageJ and left ImageJ (ݎ = 0.70, ܲ < 0.0001; ݊ = 77), 
left ArtLab and left ImageJ (ݎ = 0.60, ܲ < 0.0001; ݊ = 71).  
In 2.8 % (4 of 143 cases) of the data points were outliners and exceeded the upper limit of 
agreement (Fig. 3).  
The bias of the CIMT measurements was 39.3 (ܥܫ = 19.7, 60.0), indicating that by ArtLab 
method slightly higher values of the CIMT than by ImageJ method were measured. The precision 
was 118.8 (95 % confidence limit = -193.5, 272.2 µm). 
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a)
 
b)
Fig. 2. The measurements of carotid intima-media thickness with ArtLab system and ImageJ software are 
representing: a) scatter diagram, b) data comparison graph 
 
Fig. 3. Bland-Altman plot of carotid intima-media thickness differences,  
measured by ArtLab system and ImageJ software. The dotted line represents systematic error  
We found medium correlations comparing age and right ArtLab (ݎ =  0.33, ܲ =  0.0038; 
݊ = 72), left ArtLab (ݎ = 0.26, ܲ = 0.0321; ݊ = 71). All carotid ArtLab (ݎ = 0.30, ܲ = 0.0003; 
݊ =  143), right ImageJ (ݎ =  0.41, ܲ =  0.0002; ݊ =  77), left ImageJ (ݎ =  0.34, ܲ =  0.0026; 
݊ = 77), all carotid ImageJ (ݎ = 0.38, ܲ < 0.0001; ݊ = 154), ADAS-Cog (ݎ = 0.44, ܲ = 0.0001; 
݊ = 77), MMSE (ݎ = -0.30, ܲ < 0.0087; ݊ = 77). Additionally, we established negative strong 
correlations between ADAS-Cog and MMSE (ݎ =  -0.56, ܲ <  0.0001; ݊ =  77). We did not 
establish other significant correlations, including BMI, psychiatric diagnostic tests and CIMT.  
4. Discussion 
An alteration of the cognitive functions plays a crucial role in the quality of life in the elderly. 
The studies have shown the influence of the brain small vascular diseases, high blood pressure, 
diabetes mellitus, hypercholesterolemia, atherosclerosis to cognitive impairment [8]. Additionally, 
new investigations notice that the thickness of carotid intima-media (CIMT) might help to identify 
patients with an increased risk of cognitive deterioration [11]. 
The first choice of imaging technique of extra cranial arteries is high-resolution B-mode and 
pulsed Doppler ultrasonography. With this technique we can easily asses the CIMT, the 
400 600 800 1000 1200
400
500
600
700
800
900
1000
1100
1200
ImageJ
Ar
tLa
b
400
500
600
700
800
900
1000
1100
1200
ArtLab ImageJ
400 600 800 1000 1200 1400
-400
-300
-200
-100
0
100
200
300
400
Geometric mean of b_Art and b_IMJ
Di
ffe
re
nc
e (
Ar
tLa
b -
Im
ag
eJ
)
Mean
39,3
-1.96 SD
-193,5
+1.96 SD
272,2
19. THE NEW MATHEMATICAL MODEL BASED CAROTID INTIMA-MEDIA THICKNESS AND MILD COGNITIVE IMPAIRMENT: COMPARISON OF 
MANUAL AND SEMI-AUTOMATED MEASUREMENT TECHNIQUES. S. RUTKAUSKAS, S. LUKOSEVICIUS, A. BASEVICIUS, K. LAUCKAITE, ET AL. 
 © VIRBROENGINEERING. ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635, KAUNAS, LITHUANIA 125 
morphology of atherosclerotic plaques, location / size of the stenosis and other. For lowering the 
influence of researcher, the manual measurement of CIMT can be changed by semi-automated 
and fully automated software. However, semi-automated systems can not perform without human 
interventions, therefore a small influence still remains. New promising fully automated 
programmes are already underway, however more evidence and time is needed to improve them 
into clinical practice.  
In our study we used manual and semi-automated techniques for measuring CIMT. Although 
the manual measurement is long lasting, with large interpretation errors and depending from 
researchers experience, however many studies about the relation of CIMT and dementia used this 
method [22]. Additionally we use a semi-automated RF-QIMT technique, based on classic high 
resolution echo-tracking technology including the use of a 128 radio frequency line multiarray 
[20]. In literature there is lack of information according to the use of this new technique. 
Arntzen K. A. and co-authors have analyzed the CIMT, however they used another type of semi-
automated method. Moreover, we did not find any information about the RF-QIMT measurement 
of CIMT of MCI patients.  
Our results show, that the CIMT was thicker when measured by semi-automated (ArtLab) 
method, than manually (ImageJ) and the difference was statistically significant. Shreuder F. H. et 
al. [32] found different results. They pointed out that the CIMT measured in 136 patients by 
RF-QIMT was significantly smaller. They explain the difference between both methods due to 
advanced atherosclerosis. However our correlations and the CIMT of both methods are quite 
similar: authors Pearson ݎ = 0.765, B-mode – 779±196 µm, RF-QIMT – 734±172 µm; our study 
Pearson ݎ =  0.64, B-mode – 766±157 µm, RF-QIMT – 793±118 µm. We believe that more 
researches are needed to clarify our difference of results and we agree with opinion, that both 
methods are useful to measure CIMT in clinical practice. Another study confirms the high 
accuracy of RF-QIMT in evaluation of patient with coronary artery disease [33]. 
In our study we did not find any CIMT correlations with the cognitive test scores. However, 
literature data show, that an increased CIMT predicts a cognitive decline after some follow-up 
period [22, 23]. We cannot compare our results with these cohort studies, because we used cross-
sectional study design. Therefore more research is needed to improve CIMT role in MCI 
development.  
A recent review by Arntzen K. A. et al. [24] pointed out the representation of CIMT as a 
hypertensive hypertrophic response of smooth muscle cells to changes in local shear and tensile 
stresses to the vessel wall. Thus atherosclerotic plaques are mostly found at the bifurcation site or 
in the proximal part of internal carotid artery, where non-laminar turbulent flow occurs. In our 
study we made all measurements only in distal common carotid artery part without plagues. We 
did not analyze atherosclerotic plaque incidence. However our results suggest that we cannot 
detect an initial changing of carotid arteries walls of MCI patients neither with B-mode, nor with 
RF-pulse ultrasonography imaging.  
In conclusion we would like to point out that the measurement of carotid wall with 
radiofrequency ultrasonography is time saving and more accurate imaging modality than 
measuring manually with ImageJ software. Our results show no correlation between the CIMT 
and scores of psychiatric tests, therefore more research needs to be done for improvement of 
carotid wall thickening changes in MCI patients. 
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